Aims The purpose of this study is to elucidate the clinical manifestations and the current treatment status of cytomegalovirus (CMV) endotheliitis via a large case series obtained from a national survey conducted in Japan.
INTRODUCTION
Corneal endotheliitis is a corneal endotheliumspecific inflammation first described by Khodadoust and Attarzadeh in 1982. 1 It is characterised by corneal oedema, keratic precipitates (KPs), a mild anterior chamber reaction, and the destruction of corneal endothelium. There are reportedly four clinical forms of cornea endotheliitis, of which, linear corneal endotheliitis is considered the most serious form due to the progressive loss of corneal endothelial cells. 2 Corneal endotheliitis is thought to be a viral infection, 3 especially in association with herpes simplex virus (HSV), 4 5 varicella-zoster virus (VZV) 6 and mumps virus. 7 However, cases of corneal endotheliitis are often observed to be negative for HSV and VZV, and unresponsive to acyclovir treatment. Such cases are diagnosed as 'idiopathic corneal endotheliitis', 3 and their prognosis is poor due to the progressive destruction of corneal endothelium that is resistant to antiviral medication.
In 2006, we reported the first case of cytomegalovirus (CMV)-induced corneal endotheliitis in which CMV DNA was detected from the aqueous humour of the patient via PCR, and that showed a positive response to ganciclovir treatment. 8 Clinical evidence of CMV endotheliitis has been accumulated, [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] and the current emphasis is on the importance of early diagnosis and treatment. However, few large series have been reported, and diagnostic criteria for the disease have yet to be established.
The purpose of this study was to elucidate the clinical manifestations, as well as the current status of clinical diagnosis and treatment of CMV endotheliitis via a large case series obtained from the national survey conducted by the Japan Corneal Endotheliitis Study Group ( JCESG) in accordance with the diagnostic criteria for CMV endotheliitis instituted by the JCESG.
METHODS
Prior to this survey, the JCESG proposed diagnostic criteria for CMV endotheliitis (box 1, figure 1), which were authorised by the Japanese Ministry of Health, Labour and Welfare. Questionnaire surveys on diagnostic criteria were distributed to 1160 members of the Japan Cornea Society. Members with patients who met the diagnostic criteria for CMV endotheliitis were requested to provide relevant data for each patient diagnosed with the disease between November 2004 and November 2011, comprising: demographics, clinical aspects, diagnostic protocol and treatment. This retrospective study was approved by the University Ethical Committees of Kyoto Prefectural University of Medicine, Doshisha University, and each of the other university hospitals associated with the study group.
Statistical analysis
Statistical analysis was performed using JMP software (V.9.1, SAS Institute, Cary, North Carolina, USA). The association between the duration of disease and best-corrected visual acuity (BCVA), as well as between patient age and corneal endothelial cell density, were analysed via Spearman's test. The effect of anti-CMV medication was analysed via Open Access Scan to access more free content
Welch's test. The association between pretreatment and posttreatment BCVA was analysed via paired t test.
RESULTS
A total of 109 eyes of 106 patients were reported from 30 facilities (all hospitals are listed in the online supplementary appendix). Three patients had bilateral eye involvement; 79 were diagnosed as 'typical CMV endotheliitis' and 30 were diagnosed as 'atypical CMV endotheliitis'. The mean follow-up period postdiagnosis of CMV endotheliitis was 27.2±18.8 months.
Patient age and gender
The age and gender of patients diagnosed with CMV endotheliitis is shown in figure 2. Mean age was 66.9±10.9 years (range: 40-85 years). Eighty-five cases (80.2%) were male and 21 (19.8%) cases were female. 
History of systemic and ocular disease

Antiviral agents
Topical aciclovir ointment was previously used in 35 eyes (32.1%) and oral valaciclovir was used in 28 patients (26.4%). Systemic acyclovir, ganciclovir or valganciclovir were also used in 1 patient each.
Antiglaucoma agents
Seventy-one eyes (65.1%) had undergone treatment with topical antiglaucoma agents. Acetazolamide tablets were also administered to 28 patients (26.4%).
Viral examination
Qualitative and/or quantitative PCR examination using an aqueous sample obtained from each of the 109 eyes (100%) showed positive for CMV DNA, but negative for HSV and VZV DNA (all being diagnostic criteria for CMV endotheliitis 
Intraocular pressure
Mean intraocular pressure (IOP) was 19.6±9.8 mm Hg (mean±SD). Despite the use of antiglaucoma therapy in 71 eyes and previous glaucoma surgery in 33 eyes, 42 eyes (38.5%) showed high IOP (>22 mm Hg) at the time of diagnosis of CMV endotheliitis.
Corneal endothelial density
Corneal endothelial density (CED) was measured in 62 eyes, and mean CED was 1346.2±729.2 cells/mm 2 (mean±SD). CEDs were broadly distributed among the patients, and no correlation was found between patient age and CED at the time of diagnosis (Spearman's test, p=0.513).
Clinical findings at diagnosis
Coin-shaped lesion KPs and corneal oedema were observed in 70.6% and 73.4% of the eyes, respectively. Linear KPs were noted in 8.3% of the eyes, and anterior chamber inflammation was detected in 67.9% of the eyes. Investigation of lens, angle and vitreoretinal abnormality revealed 20 eyes (18.3%) with cataract and 60 eyes (55.0%) that had undergone intraocular lens implantation. Gonioscopic examination results were reported for 33 eyes (30.2%), of which 13 showed some findings such as peripheral anterior synechia, or decreased/increased pigmentation of the trabecular meshwork.
Medical treatment for CMV endotheliitis
In Japan, ganciclovir is available for the treatment of intravenous infusion, and valganciclovir hydrochloride tablets for CMV infection. The results of our survey showed that anti-CMV agents were used in 104 of the total 109 eyes, either systemically, topically, or both. Systemic administration of anti-CMV drugs (either ganciclovir or valganciclovir) was performed in 74 eyes (67.9%), and topical administration of ganciclovir prepared from vials for intravenous infusion 11 13 was also used in 82 eyes (75.2%). Fifty-two eyes (47.7%) received both systemic and topical anti-CMV treatment. The effect of anti-CMV treatment was clinically evaluated 1 month after initiation of anti-CMV treatment in 96 eyes, and was scored from 0 to 2-0: ineffective (no change in corneal findings); 1: partially effective (corneal oedema and KPs improved, yet did not completely disappear); 2: greatly effective (significant improvement of corneal oedema and KPs)) (table 1). Combined anti-CMV therapy (systemic and topical) was more effective than systemic or topical anti-CMV treatment alone (Welch's test, p=0.09), but the difference was non-significant. During the observation period, 39 eyes (36%) showed recurrence of inflammation, and anti-CMV treatment was repeated on those eyes.
Corneal endothelial function and BCVA at final examination
At the final examination, corneal clarity was successfully retained in 66 eyes (60.6%) without additional corneal transplantation, and the mean corneal endothelial cell density among those cases was 1174.5±69.3 cells/mm 2 (mean±SD). Forty-three eyes (39.4%) failed to retain corneal endothelial function during the observation period. Of those, 20 eyes (18.3%) recovered corneal clarity after undergoing corneal transplantation; the remaining 23 eyes (21.1%) with corneal endothelial dysfunction were under consideration for corneal transplantation or were 
DISCUSSION
CMV endotheliitis are most common among middle-aged and elderly men. This finding of male dominancy is consistent with those of previous case-series reports involving non-Japanese populations. 9 20-22 We previously reported coin-shaped lesions (or nummular KPs) and linear KPs as characteristic findings of CMV endotheliitis, 8 13 and they are often reported in other cases of CMV endotheliitis. 9-11 15 17 18 20 23 In this present study, coin-shaped lesions and linear KPs were noted in 70.6% and 8.3% of eyes, respectively. Although we were unable to compare these findings with the incidence in CMV-negative corneal endotheliitis, we consider that coin-shaped lesions and linear KPs are highly typical of CMV endotheliitis. It should be also noted that the presence of coin-shaped lesions and linear KPs can be transient. We expected to identify CMV endotheliitis cases without coinshaped lesions or linear KPs via the diagnostic criteria for 'atypical CMV endotheliitis'. In our study, 30 eyes were reported as atypical CMV endotheliitis. Our findings confirmed the existence of overlap cases of CMV corneal endotheliitis and CMV anterior uveitis or inflammatory ocular hypertensive syndrome. The results also revealed that a large number of cases had previously undergone corneal transplantations, indicating the importance of a high index of suspicion for CMV endotheliitis as a cause of graft failure, or a primary cause of corneal endothelial dysfunction that led to the corneal transplantation. Anti-CMV agents had been widely used. When both systemic and topical anti-CMV agents were administered, most patients achieved improvement or complete remission of KPs and corneal oedema. However, 5.8% of cases treated by systemic and topical anti-CMV agents in combination failed to respond to the treatment. Those cases had severe corneal endothelial damage at the time of diagnosis. The data for those patients show that anti-CMV agents are effective for the treatment of active CMV endotheliitis; however, if corneal endothelial damage is severe, CMV endotheliitis often results in irreversible corneal endothelial dysfunction. In terms of visual acuity, no significant improvement in BCVA was found between pretreatment and final examination. We speculate that this study included non-negligible number of patients who had a long history of idiopathic corneal endotheliitis that was resistant to antiherpetic medication. This possibility highlights the need for early recognition and treatment of CMV endotheliitis in order to prevent irreversible corneal endothelial dysfunction. Since this survey was conducted retrospectively, it has limited ability to evaluate the effect of anti-CMV treatment. Further research is needed to evaluate the effect of antiviral treatment by comparing the viral load of aqueous humour before and after treatment via real-time PCR, as some members of the study group have reported previously. 15 16 In this retrospective study, we were unable to obtain any Goldmann-Witmer coefficient data for CMV because the anti-CMV IgG titre in aqueous humour was not examined in most of the cases. However, calculation of the Goldmann-Witmer coefficient might be a useful diagnostic tool in addition to the PCR analysis for the diagnosis of CMV endotheliitis, especially in atypical cases.
The pathogenic mechanism of CMV endotheliitis has yet to be defined. Previously, Zhen et al 25 reported that anterior chamber-associated immune deviation may play an important role in the pathogenesis of herpetic corneal endotheliitis. One possible background factor for the reactivation of CMV within the anterior chamber is local or systemic use of intensive immunosuppressive medication. It should be noted that topical steroid eye drops were applied to 96.3% of the eyes at the time of CMV endotheliitis diagnosis. Although none of the patients were HIV-positive, we theorise that local immunosuppression might have facilitated CMV reactivation. From another perspective, 25.7% of eyes had previously received corneal transplantation. Although idiopathic corneal endotheliitis ( presumably caused by CMV) was reported as the primary diagnosis in most of those cases, the possibility of CMV transmission via donor tissue cannot be excluded. 21 However, the suitability of CMV-seropositive donor tissue for corneal transplantation requires further study because serological examination of the donors for CMV was not performed in this study. To prevent recurrence of CMV endotheliitis and to preserve long-term corneal endothelial function, a maintenance therapy using topical anti-CMV agents needs to be developed.
In conclusion, this large case-series study revealed that CMV endotheliitis was common in middle-aged and elderly men. CMV endotheliitis should be suspected, and the performance of PCR of aqueous humour should be evaluated when encountering patients with corneal endotheliitis with coin-shaped lesions or linear KPs, corneal endotheliitis associated with anterior uveitis, elevated IOP, or corneal endothelial cell loss. The findings of this study suggest the effectiveness of antiviral treatment for CMV endotheliitis; however, further study is needed to establish treatment regimens for the disease in order to prevent corneal endothelial dysfunction. To the best of our knowledge, this is the largest case-series of CMV endotheliitis to report the comprehensive clinical features of this newly identified infectious corneal disease.
Figure 2
Age and gender of patients with cytomegalovirus (CMV) corneal endotheliitis. Mean patient age was 66.9±10.9 years (range: 40-85 years). Eighty-five cases: (80.2%) were men and 21 (19.8%) cases were women (n=106). 
